The problem of inadequate statistical reporting is long-standing and widespread in the 36 biomedical literature, including in cardiovascular physiology. Although guidelines for reporting 37 statistics have been available in clinical medicine for some time, there are currently no 38 guidelines specific to cardiovascular physiology. To assess the need for guidelines, we 39 determined the type and frequency of statistical tests and procedures currently used in hoc tests, Bonferroni and Tukey were used in 63% (62/98). There was an overall lack in details 45 provided by authors publishing in the Journal, and we compiled a list of recommended minimum 46 reporting guidelines to aid authors in preparing manuscripts. Following these guidelines could 47
guidelines.(98) Having a stand-alone statistical section in the methods may not be the best way 130 to allow rigorous assessment and reproducibility of findings. Instead, incorporating statistical 131 information in individual methods sections and figure and table legends may be more 132 appropriate. Other options include hosting analysis scripts, data, and more detailed information 133 (e.g., degrees of freedom and F-ratio) on repository sites such as FigShare and Open Science 134
Framework (https://cos.io/our-products/osf/).(160) 135
The use of P value thresholds (e.g., P<0.05) reflects both historical, formal statistical theory 136 and practice, and the fact that P values were obtained using tables because of computational 137
limitations. Reporting exact P values rather than threshold values is important for assessing 138
reproducibility; this is particularly true when the P value is in the 0.01 to 0.10 range. For 139 example, a P value of 0.04 in one study is statistically significant, whereas a P value of 0.06 in a 140 replicate study is not. Reproducibility issues would arise if the only information provided were 141 whether the threshold for significance was met. At the same time, reporting exact P values in an 142 attempt to say that one comparison is more significant (has a lower P value) than another 143 comparison, is not appropriate. 144
The standard deviation should be reported when one replicate measurement is made for 145 each data point. For example, if blood pressure is acquired once for each subject, standard 146 deviation should be reported. The standard error of the mean should be used when multiple 147 measurements are made for each data point. For example, if blood pressure is acquired 148 multiple times for each subject and averaged, standard error of the mean should be reported. 149
Interquartile range is another way to show variability within a group. Confidence intervals 150 provide details on the uncertainty about the true value of the population and keep the 151 interpretation focused on the physiology and not merely on statistical probabilities (or chance) 152 as an explanation for differences. 153
Using box and whisker plots or similar graph to show individual responses instead of bar 154 graphs is recommended for data visualization. (190, 191) This will allow readers to assess the 155 variation in individual responses. Showing individual responses may not be practical and may 156 reduce clarity; for example, when using multiple line graphs such as in articles by Brooks et al 157
and Zhang et al.(20, 200) We recommend that the authors select graphs that best represent 158 the data reported. 159
Common statistical tests 160
Analysis plans should be chosen a priori, and contingency plans set in case there are 161 violations of assumptions of the original tests (see 162 http://www.stat.columbia.edu/~gelman/research/unpublished/p_hacking.pdf for more details). 163
Flow charts can be used to determine which descriptive statistics and tests may be most 164 appropriate for analyzing a dataset; for example figures in Bernard Rosner's Fundamentals of 165 Table 5 provides a list of the common statistical tests with descriptions and 166 assumptions. More details on these concepts can be found in the Exploration in Statistics series 167 published by Advances in Physiology Education. (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) 41) Additional resources also provide 168 more details on specifics of individual tests.(185) In addition, we highly recommend that a 169 statistician be consulted as needed. All statistical tests have assumptions, so it is important to 170 determine whether your data met the assumptions of the analysis and whether the results of 171 your statistical analysis are meaningful. There are a number of tests that can be performed to 172 assess analysis quality; for example, test statistics, testing for residuals, and testing for co-173 linearity. While not commonly used in the analysis of cardiovascular physiology, there are 174 additional details that can be reported, including the coefficient of multiple determination, 175 degrees of freedom, and measures of goodness-of-fit. 176
Biostatistics.(146)
Determination of statistical power. Power analyses should be done during the 177 experimental design process in order to estimate the sample size needed to detect a difference 178 that is scientifically important.(27) Sample sizes that are too large wastes resources, while 179 sample sizes that are too low are subject to false negative results (type II error). There is also a 180 balance between theoretically ideal and practically feasible that needs to be considered when 181 designing experiments. There are a number of online calculators for power analysis that are 182 easy to use, including http://powerandsamplesize.com/, 183 http://clincalc.com/stats/samplesize.aspx, and https://www.stat.ubc.ca/~rollin/stats/ssize/n2.html. 184
The main assumption of the power analysis is that the data involve random sampling. Two other 185 considerations are 1) the power analysis is performed a priori to set a pre-planned sample size 186 and 2) the effect size is the smallest of interest rather than a pre-observed value. A more in-187 depth discussion of power, including bias that occurs when small sample pilot studies are 188 utilized to estimate the expected effect size in prospective power analysis, is beyond the scope 189 of this article. (2) 
247

Conclusions 248
This article summarizes current practices in statistical analysis reported in AJP Heart 249 articles and identifies the minimum that should be included in manuscripts to allow reviewers 250 and readers to assess data quality. The take-home messages are that statistics should be 251 considered during the experimental design and throughout data analysis, the methods and 252 results sections of the manuscript should describe sufficiently which tests were done for each 253 evaluation, and there are a number of readily available resources to assist you with statistics 254 and data visualization. Improving clarity in statistics will improve rigor and reproducibility of 255 cardiovascular physiology studies. 
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Loss of VEGFB and its signaling in the diabetic heart is associated with increased cell death signaling.
554
Am J Physiol Heart Circ Physiol 312: H1163-h1175, 2017. Experimental Design-define:
• hypothesis tested and purpose of the statistical analysis
• variables, groups, sample sizes (preferably determined by power analysis), sample randomization, significance (alpha) level
Methods-provide details on:
• name and version of the statistical software used
• any procedures taken to modify raw data before analysis (e.g., transformation, ratios, combining categories)
• which tests were used for which comparisons, including post-hoc tests for ANOVA, and whether corrections were made for multiple comparisons
• ancillary analyses (assumptions testing, identification and treatment of outliers and missing values)
• data and details of statistical analysis should be available for requests to assess reproducibility on open repository sites (3)
Results-report:
• precise P values to 2 (for 1.0 to 0.01) or 3 (for 0.009 to 0.001) decimal places; precision below P<0.001 not needed except for genetic associations
• variability reported using standard deviation
• confidence intervals
• data with appropriate scientific precision (e.g., report body weight with no significant digits after the decimal point)
• upload source data into a public repository (e.g., Figshare, https://figshare.com/) at submission. • name tests used and sample sizes for each group in figure legends and tables
• provide information on sex of animals used, unless only one sex is stated in the methods
• data visualization-use box and whisker plots or similar instead of column graphs, to show individual responses; consider clarity of information presented 
